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© Periods P k between the one edges of input 
pulses (A,B) are measured one after another by a 
successive period measuring circuit (14), and at the 
same time, the time interval between the one edge 
to the other of each input pulse, that is, a pulse 
width W k , is measured by a time interval measuring 
circuit (15). The measured periods are sequentially 
accumulated and each accumulated value is made 
to correspond to each pulse, as the time at which 
the measurement of its pulse width was started. In 



an interpolation part (26), pulse widths, which are 
assumed to be obtained at regular time intervals, are 
computed, by an interpolation method, from the se - 
quence of measured pulse widths and the their 
measurement starting times. In a Fourier transform 
part (27), the pulse width data obtained by the 
interpolation is subjected to a Fourier transform to 
obtain the frequency components of a pulse width 
jitter. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a jitter ana- 
lyzer for analyzing what are called jitters of input 
pulses, such as the pulse width fluctuation and 
pulse repetition period fluctuation. 

It is coded pulse train signals that are repro - 
duced, for example, in a magnetic disk unit for use 
as an external storage of a personal computer, a 
digital audio apparatus called a compact disk ap - 
paratus, or a video apparatus such as a laser disk 
apparatus. If a jitter is contained in such a coded 
pulse train signal, an error is likely to occur during 
decoding of the signal. The occurrence of an error 
is not allowed in the case of an external storage of 
a computer, in particular. In the case of determin - 
ing if these digital apparatuses are good or defec - 
tive, it is therefore necessary to measure whether 
the jitter of the pulse train signal stays within a 
given limit or not. 

In Japanese Patent Application Public Disclo - 
sure No. 284268/87 the inventor of this application 
proposes a pulse width fluctuation analyzer. Fig. 1 
shows its basic construction in a simplified form. 
Input pulses are applied to a time window 2, 
whereby pulses of a particular pulse width are 
sequentially extracted or selected from among 
pulses of various pulse widths which are substan - 
tially integral multiples of a unit pulse length, and 
the selected pulses are converted by a time-to- 
voltage (hereinafter referred to as T-V) converter 
3 to voltages corresponding to the pulse widths. 
The voltage thus converted for each pulse is pro - 
vided to an ordinary fast Fourier transform (FFT) 
analyzer 4, wherein it is subjected to a fast Fourier 
transform for analysis. In this way, pulse width 
fluctuations or jitter components of the input pulses 
can be detected, and in particular, even if the jitters 
vary with a plurality of periods, components of the 
respective periods can be detected, which can be 
used to ascertain the cause for the occurrence of 
each jitter. 

With the T-V converter 12 which simply in- 
tegrates reference clock pulses for the duration of 
the input pulse as in the above-mentioned Japa- 
nese patent public disclosure, it is impossible to 
achieve a high precision time -to - voltage con- 
version, for example, with a resolution of 100 ps. In 
practice, as proposed by the inventor of this ap- 
plication in Japanese Patent Application Public 
Disclosure No. 294993/87, for instance, a constant 
voltage is integrated for a fractional or odd period 
ATi from the rise of a certain input pulse to the 
rise of a clock pulse immediately thereafter and for 
a fractional or odd period AT 2 from the fall of the 
input pulse to the rise of a clock pulse immediately 
thereafter to thereby obtain voltages corresponding 
to odd or fractional components of the clock pulses 



at the rise and fall of the input pulse, respectively, 
the voltage at the fall of the input pulse is sub- 
tracted from the voltage at the rise thereof to obtain 
a difference voltage, and the number of rises of the 
5 clock pulses, counted from the end of the fractional 
period to the end of the fractional period AT 2 , 
is converted by a D-A converter to the cor- 
responding voltage. The sum voltage, obtained by 
adding the difference voltage and the voltage cor- 
w responding to the clock count value, is sampled 
and held, as a voltage corresponding to the width 
of the input pulse, by a sample -hold circuit and 
then output therefrom. In this instance, the number 
of digits for conversion is a predetermined se- 
75 quence of four digits or so, and in the case of 
voltage conversion of, for example, a 1.2345 us 
pulse width, a voltage corresponding to the value of 
the low order four digits 2345, the least significant 
digit of which is 100 ps, is provided, that is, the 
20 voltage output is yielded with no information of the 
most significant digit being taken into account. This 
does not matter when it is necessary to analyze the 
pulse width fluctuation, i.e. the frequency compo- 
nent of the jitter and the pulse width of the input 
25 pulse is preknown. 

Since the magnitude of the jitter relative to the 
pulse width is often required, it is necessary to 
measure the pulse width of the input pulse when it 
is unknown. Moreover, in the case where input 
30 pulses of different pulse widths are provided and it 
is desirable to detect the frequency component of 
a jitter corresponding to each pulse width or the 
distribution of frequency of the jitter with respect to 
the pulse width, it is necessary to measure the 
35 pulse width. 

To this end, the conventional jitter analyzer 
shown in Fig. 1 is provided with a pulse width 
measuring part 5, wherein the width of the output 
pulse from the time window 2 is measured. The 
40 pulse width measuring part 5 can be operated in 
synchronism with the sample -hold timing of the 
T-V converter 3, since the timing period with 
which pulses of a fixed width are extracted is not 
always constant when the time window 2 is used, 
45 the measuring cycle is not constant, in general, 
that is, the measurement dead time varies. This 
means that the sample -hold timing in the T-V 
converter 3 does not become constant, and there - 
fore it is impossible to use, as a sampling clock for 
50 fast Fourier transformation, a signal synchronized 
with the sample - hold in the T - V converter 2. 
Accordingly, the FFT analyzer 4 has an indepen - 
dent sampling clock of a fixed interval. In other 
words, the T-V converter 3 and the pulse width 
55 measuring part 5 can be operated with the same 
measuring cycle, but the FFT analyzer 4 needs to 
be operated with a different measuring cycle. 
Hence, the jitter analyzer calls for complicated 
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control. 

In addition, as mentioned above, the T-V 
converter 3 includes a D-A converter and a 
sample -hold circuit, whereas the FFT analyzer 4 
includes a sample -hold circuit and an A-D con- 
verter. Thus, the prior art analyzer is, in its entirety, 
wasteful or uneconomical in construction. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a jitter analyzer which does not require a 
time window and a T - V converter as hardware nor 
a sampling clock for Fourier transformation, and 
hence is simple and economical in construction. 

According to the present invention, the one 
edge of an input pulse is applied to a successive 
period measuring circuit, wherein the period of the 
edge is measured in succession, and the time 
interval from the said one edge to the other of the 
input pulse, i.e. the pulse width of the input pulse, 
is measured by a time interval measuring circuit. 
Upon each provision of measured data from the 
successive period measuring circuit and the time 
interval measuring circuit, it is stored in a memory. 
Based on the measured period data stored in the 
memory, time interval data which can be regarded 
to have been obtained at equal time intervals is 
computed from the measured time interval data, 
and a fast Fourier transform {FFT) is conducted in 
connection with the thus computed time interval 
data. 

The pulse width of each pulse is provided from 
the time interval measuring circuit and each com - 
ponent of a pulse width jitter is analyzed by the 
FFT analysis. These values can be used to obtain 
the percentage of the jitter with respect to the 
pulse width. The percentage, the pulse width and 
the jitter component can be displayed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a conventional 
jitter analyzer; 

Fig. 2 is a block diagram illustrating an em - 
bodiment of the present invention; 
Fig. 3 is a timing chart for explaining the op- 
eration of each of a successive period measur - 
ing circuit and a time interval measuring circuit 
in the Fig. 2 embodiment; 

Fig. 4 is a block diagram showing a specific 
operative example of a measuring part 10 in Fig. 

2; 

Fig. 5 is a table showing the relationships be - 
tween the kinds of measurement and the states 
of control of switches in a measuring signal 
generator in Fig. 4; 



Fig. 6 is a timing chart for explaining the op - 
eration for measuring the period and pulse width 
of an input pulse in the case where no skip 
signal is generated; 
5 Fig. 7 is a timing chart for explaining the op- 

eration for measuring the period and pulse width 
of the input pulse in the case where the skip 
signal is generated; 

Fig. 8 is a graph showing pulse width variations 
io with the lapse of time; 

Fig. 9 is a diagram for explaining a linear inter- 
polation; 

Fig. 10 is a graph showing an example of the 
frequency spectrum of a pulse width jitter; 
75 Fig. 11 is a graph showing, by way of example, 

a display of the frequency distribution of mea - 
sured amounts; 

Fig. 12 is a graph showing, by way of example, 
a display of temporal variations of the measured 

20 amounts; 

Fig. 13 is a timing chart for explaining the op- 
eration for measuring the time difference (or 
time interval) between two input signals when no 
skip signal is generated; and 

25 Fig. 14 is a timing chart for explaining the op- 

eration for measuring the time difference be- 
tween the two input signals when the skip signal 
is generated. 

30 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 2 illustrates in block form an embodiment 
of the present invention. In a measuring part 10 

35 input pulses A are supplied via an input terminal 1 1 
to a measuring signal generator 12, and input 
pulses B, which are delayed versions of the input 
pulses A, are provided via an input terminal 13 to 
the measuring signal generator 12. From the 

40 measuring signal generator 12 the one edge of 
each input pulse A is applied to the input of a 
successive period measuring circuit 14 and the one 
input of a time interval measuring circuit 15, and 
the other edge of each input pulse A or the one 

45 edge of each input pulse B is supplied to the other 
input of the time interval measuring circuit 15. 

The successive period measuring circuit 14 
measures a parameter which defines the period of 
the pulse input thereinto, and each time the mea- 

50 sured period parameter data is provided, it is 
stored in a buffer memory 16. The successive 
period measuring circuit 14 may be such as dis- 
closed in U.S. Patent No. 4,769,798 issued to the 
inventor of this application. According to the U.S. 

55 patent, assuming that one period to be measured 
P k covers a period from the one edge (for example, 
the rise) of a certain inner pulse A k to the one edge 
(the rise) of the next input pulse A k+1 , as shown in 
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Fig. 3, a constant voltage is integrated for a period 
AT 1k from the rise of the first pulse A k to a refer- 
ence clock pulse CK (of a period T 0 ) immediately 
thereafter and for a period AT 2k from the rise of the 
next pulse A k+1 to the reference clock pulse im- 
mediately thereafter, whereby voltage correspond - 
ing to these periods are obtained (which voltages 
will hereinafter be identified by the same reference 
notations as the periods AT 1k and AT 2k ). Then, a 
difference between these voltages, AT tk = AT 1k - 
AT 2k , is obtained. Since the voltage difference 
corresponds to a fraction when expressing the pe - 
riod P k in units of the clock period P k , it will 
hereinafter be referred to as a fraction of the period 
or simply as a fraction. 

In the afore - mentioned U.S. patent, the num- 
ber N tk of rises of the reference clock pulse CK in 
the time interval from the end of the period AT 1k to 
the end of the period AT 2k is counted, the count 
value is converted by a D - A converter to a voltage 
V k , which is added to the above - mentioned volt - 
age difference AV tk corresponding to a fraction of 
the period, and the added value is sampled and 
held, thereafter being output as a voltage cor- 
responding to the period P k . The successive period 
measuring circuit 14 in this embodiment does not 
add the count value N tk and the fraction AV tk but 
instead stores them as data for a parameter which 
defines the period. That is, the count value N tk of 
the reference clock pulse CK is not converted to 
analog form, but instead the difference voltage 
AV tk is sampled and held, and the resulting output 
AV 1k is converted by an A - D converter to a digital 
value (which will hereinafter be identified by the 
same reference character as the analog value 
AV tk )The count value N tk and the digital value AV tk 
are stored, as parameter data (hereinafter referred 
to simply as a period parameter) for defining the 
period P k , in the buffer memory 16. Since such a 
simple modification of the invention disclosed in 
the above -said U.S. patent can easily be accom- 
plished by those skilled in the art, no description 
will be given thereof with reference to the drawings. 

The time interval measuring circuit 15 mea- 
sures a parameter which defines the time interval 
T k (i.e. the pulse width W k ) from the one edge (for 
example, the rise) of the pulse A k applied via the 
terminal 11 to the other edge (i.e. the fall) of the 
pulse A k . Alternatively, the time interval measuring 
circuit 15 measures a parameter which defines the 
time interval T k (i.e. a time difference) between the 
one edge of the input pulse A applied to the 
terminal 11 and the corresponding edge of the 
input pulse B applied to the terminal 13. Either of 
the parameters will hereinafter be referred to sim- 
ply as an interval parameter. Each time the interval 
parameter is measured, it is stored in a buffer 
memory 17. As is the case with the successive 



period measuring circuit 14, the time interval 
measuring circuit 15 may be formed as a modi- 
fication of the technique disclosed in Japanese 
Patent Public Disclosure No. 294998/87, for in- 

5 stance. Also in this case, as shown in Fig. 3, the 
parameter for the time interval T k is measured, in 
digital form, as a difference (hereinafter referred to 
as a fraction of the time interval or simply as a 
fraction), AW k = AU 1k -AU 2k , between a period 

w AUi k from the one edge of each input pulse A to 
the reference clock immediately subsequent 
thereto to a period AU 2k from the other edge of the 
input pulse (or the one edge of the input pulse B 
applied to the terminal 13) and as the number, Nr k , 

75 of rises of the reference clock pulses in the time 
interval from the end of the period AU 1k to the end 
of the period AU 2k . The sum of the values Nr k and 
AVr k corresponds to the time interval T k and they 
are stored in the buffer memory 17 as the interval 

20 parameter data which defines the time interval T k . 

In a calculation part 18, the period P k is ob- 
tained from the period parameters N tk and AV lk 
stored in the buffer memory 16, by conducting the 
following calculation in a fraction adding part 19. 

25 

P k = T 0 N tk + AV tk /C (1) 

where C is a coefficient for converting the value 
AV tk to a fraction of the reference clock period To. 
30 Similarly, the interval parameters Nr k and AVV k in 
the buffer memory 17 are used to obtain the time 
interval T k by conducting, for example, the follow- 
ing calculation in a fraction adding part 21 . 

35 T k = T 0 N7 k + AVr k /C (2) 

As required, a period P k /n (where n is the 
frequency dividing number of a frequency divider 
33 in Fig. 4), a frequency F k = n/P k , the pulse 

40 width W k = T k , a duty ratio D k = 100 x W k /P k , an 
input time difference between the input pulses A k 
and B kl and the phase difference, PH k = 360 x 
T k /P kl between the input pulses A k and B k are 
obtained in a data or measured calculation part 22. 

45 The period data P k is stored in an elapsed time 
memory 23 after being accumulated, and the other 
data or measurands F k , W k , D k , T k and PH k are 
stored in a data or measurand memory 24. 

In an interpolation operation part 26 of an 

50 analysis operation part 25, for example, in the case 
~of analyzing" a pulse width jitter, a series of pulse 
widths, which can be regarded to have been ob- 
tained at a predetermined equal time interval 
(corresponding to the sampling period for digital 

55 Fourier transform) is computed, by a method de- 
scribed later, from the pulse width data W k read 
out of the data memory 24. The pulse width data 
thus computed is subjected to a digital Fourier 



7 



EP 0 543 139 A1 



8 



transform in an FFT part 27. In this way, the 
frequency component, occurrence distribution and 
time variation of the pulse width jitter are obtained, 
and they are stored in a main memory 28 and 
displayed on a display 29. Switches S1 to S4 in the 
measuring signal generator 12, the buffer memo- 
ries 16 and 17, the fraction adding parts 19 and 21, 
the data calculation part 22, the memories 23 and 
24, the analysis operation part 25, the main mem - 
ory 28 and the display 29 are placed under the 
control of a controller 31 which is formed by a 
microcomputer. 

Next, a detailed description will be given of 
each part of this embodiment. It is desired that the 
measuring part 10 be capable of acquiring data in 
succession with a minimum dropout and accurately 
detecting the time of data acquisition (an elapsed 
time). Fig. 4 shows a specific operative example of 
the measuring signal generator 12. The input ter- 
minal 1 1 is connected to the one fixed contact b of 
the switch S1 and to the other fixed contact a of 
the switch S1 via an inverter 32. The switch S1 has 
its movable contact connected to a fixed contact a 
of the switch S3, a frequency divider 33, an in- 
verter 34 and a trigger terminal T of a D flip-flop 
35. The switch S3 has its movable contact con- 
nected to a trigger terminal T of a D flip-flop 36. 
The output of the frequency divider 33 is con- 
nected to a fixed contact b and an inverter 37, the 
inverters 34 and 37 are connected to fixed contacts 
b and a of the switch S4, respectively, and a 
movable contact of the switch S4 is connected to a 
trigger terminal T of a D flip-flop 38. The input 
terminal 13 is connected to the one fixed contact b 
of the switch S2 and to the other fixed contact a via 
an inverter, and the switch S2 has its movable 
contact connected to a fixed contact c of the switch 
S4. 

A high level Hi is provided to a data terminal D 
of the D flip-flop 36, and its the output terminal Q 
is connected to the inputs of the successive period 
measuring circuit 14 and the time interval mea- 
suring circuit 15 and to data terminals D of the D 
flip-flops 38 and 35. The output terminal Q of the 
D flip-flop 38 is connected to the other input 
terminal of the time interval measuring circuit 15, 
and the output terminal Q of the D flip-flop 35 is 
connected to a trigger terminal T of a D flip-flop 
39. The high level Hi is provided to a data terminal 
D of the D flip - flop 39 and the output at its output 
terminal Q is provided as a skip signal H to the 
controller 31 . 

In the successive period measuring circuit 14, 
the fraction V tk is sampled and held for conversion 
to digital form as mentioned previously and then a 
reset pulse F is applied to an integration circuit 
which converts an odd or fractional time to a volt - 
age. The pulse F is used also as a write pulse for 



writing the period parameters N tk and AT, k into the 
buffer memory 16 and to reset the D flip-flops 35 
and 39. Also in the time interval measuring circuit 
15, the fraction ATr k is similarly sampled and held 
5 for conversion to digital form and then a reset 
pulse G is applied to an integration circuit which 
converts an odd or fractional time to a voltage. The 
pulse G is used also as a write pulse for writing the 
interval parameters Nr k and AVr k into the buffer 

io memory 17 and to reset the D flip-flops 36 and 
38. The successive period measuring circuit 14 
and the time interval measuring circuit 15 are both 
supplied with the reference clock pulse CK of the 
period T 0 from a clock generator 41 . 

75 According to the purpose of measurement, the 

switches S1 to S4 are placed in such a states as 
shown in Fig. 5, under the control of the controller 
31. For example, in the period and frequency 
measurements which do not call for the frequency 

20 division by the frequency divider 33, the switches 
S1 and S2 are both connected to the fixed contacts 
b, the switch S3 the fixed contact a and the switch 
S4 the fixed contact b as shown in Fig. 4. As 
depicted in Fig. 6, a reset pulse R is provided, after 

25 which the D flip-flop 36 is triggered by the posi- 
tive edge (i.e. positive - going or leading edge) of 
an input pulse Ai and its Q output D rises. On the 
other hand, the D flip-flop 38 is triggered by the 
next positive edge of an output C which is an 

30 inverted version of the input pulse Ai by the in - 
verter 34, and as a result, the Q output E of the 
flip-flop 38 rises. The period Wi from the time of 
rise of the Q output D of the D flip-flop 36 to the 
time of rise of the Q output E of the D flip-flop 38 

35 is measured by the time interval measuring circuit 

15. A certain elapsed time t M after the measured 
positive -going edge of the Q output E, the write 
pulse G is generated, by which the interval pa- 
rameters Nn and Vn are written into the buffer 

40 memory 17 and the D flip-flops 36 and 38 are 
reset. Upon the rise of the next input pulse A 2 the 
same operations as described above are repeated. 
In this case, no skip signal is produced. 

The intervals between adjacent positive edges 

45 of the input pulses A k , that is, periods Pi , P2, P3, 
are measured by the successive period measuring 
circuit 14, and the time t M after each positive edge 
of the Q output D of the flip-flop 36 the write 
pulse F is generated, by which the period param - 

50 eters N tk and V tk are written into the buffer memory 

16. The period measurement does not require the 
measurement of time intervals, but since any par - 
ticular mechanism for stopping the time interval 
measuring operation need not be added, the time 

55 interval measuring circuit 15 is allowed to operate 
during the period measurement. Fig. 6 shows the 
case where P k > W k + t M and periods can be 
measured in succession, but when P k ^ W k + t M , 
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for example, as shown in Fig. 7, the next input 
pulse rises before the write pulse G is generated, 
that is, before the flip-flop 36 is reset, and con- 
sequently, the flip-flop 36 cannot detect the rise 
of the said next input pulse, with the result that two 
continuous periods are measured. In this instance, 
while the high - level Q output of the D flip-flop 36 
is being applied to the data terminal D of the flip- 
flop 35, the positive -going edge of the next input 
pulse is provided to the trigger terminal T of the 
flip-flop 35, and consequently, its Q output goes 
high and triggers the flip-flop 39, generating the 
skip signal H once. The signal H is applied to the 
controller 31. When the period P k is shorter than 
the period t M , two or more periods are joined 
together, during which the skip signal H is gen- 
erated once, but the number of periods being 
joined is unknown. By connecting the switch S3 to 
the contact b and the switch S4 to the contact a 
and changing the frequency dividing number n of 
the frequency divider 33 in a sequential order of 2, 
3, .... it can be known that the value of the number 
n at which the skip signal H is no longer generated 
is the number of periods being joined together. 

In the case of the pulse width measurement, 
the time interval measuring circuit 15 measures the 
time interval between the rise of the output D from 
the D flip-flop 36 and the rise of the output E from 
the D flip-flop 38 shown in Fig. 6 and then mea- 
sures the pulse widths Wi , W2, W3, ... of the input 
pulses A1 , A 2 , A 3 , ... one after another. By this, the 
pulse width of every pulse can be measured when 
the pulse width W k is smaller than (P k - t M )- In the 
case where W k ^ (P k - t M ), the next input pulse 
already risen when the write pulse G is generated 
after the output E of the D flip-flop 38 rose, the 
pulse width was measured and the measured data 
was obtained, as depicted in Fig. 7 corresponding 
to Fig. 6. Hence, the pulse widths are not succes- 
sively measured in this case but the pulse width of 
every other pulse is measured. As regards the 
periods, they are measured two by two as one 
continuous period. Moreover, since the next input 
pulse rises prior to the generation of the write pulse 
G as mentioned above, that is, since the next input 
pulse rises prior to the resetting of the D flip-flop 
36, the D flip-flop 39 is triggered by the rise of 
the said next input pulse, and consequently its 
output H rises and is provided as the skip signal to 
the controller 31. In other words, the D flip-flop 39 
counts one input of the rise of the next input pulse 
while the output of the D flip-flop 36 remains high. 

It is also possible to use the write pulse G to 
write the state of the Q output H of the D flip - flop 
39 into the buffer memory 17 without supplying the 
Q output (i.e. the skip signal) H of the D flip-flop 
39 to the controller 31. By employing a counter as 
a substitute for the D flip-flop 39 to count the Q 



output of the D flip-flop 35, the number of pulses 
which cannot be measured one after another by 
the time interval measuring circuit 15 is counted by 
the counter. Since the D flip-flops 36 and 38 

5 operate in cascade, the minimum pulse width that 
can be measured in Fig. 4 is determined by the 
sum of the delay time of the flip-flop 36 and the 
setup time of the flip-flop 38 (i.e. by their 
cascade -operation time). The D flip-flops 36 and 

70 38 can be implemented which provide a cascade - 
operation time of around 5 nS. 

The buffer memories 1 6 and 1 7 are each 
formed as a double buffer, which has a construe - 
tion in which while a write is effected in the one 

75 buffer, the other buffer is read out, that is, the write 
and read are effected alternately with each other so 
as to ensure successive writing of measured data 
without any dropouts. It is also possible to effect 
the read at a higher rate than the write so that after 

20 the readout of a buffer, a required operation can be 
conducted while a write is effected in the buffer 
next. In the case where the measurement is started 
in synchronization with an external signal, an ex- 
ternal start signal is applied to the data terminal D 

25 of the D flip-flop 36 and the measurement is 
terminated by the write pulse G from the time 
interval measuring circuit 15. 

In the fraction adding part 19 or 21 of the 
calculation part 18 the aforementioned Eqs. (1) and 

30 (2) are calculated. The measured period data Pi , 
P2, P3, ... obtained in the fraction adding part 19 
are provided to the data calculation part 22, in 
which they are added with their preceding mea- 
sured values for each measuring cycle, and the 

35 added values are sequentially stored as Pi = ti , 
Pi + P2 = t2, Pi + P2 + P3 = t 3 , ... in the 
elapsed time memory 23. These times ti, t 2 , t3, ... 
are representative of elapsed times after the start 
of measurement of the first input pulse following 

40 the resetting of the flip-flops. At time 0 the mea- 
surement of the pulse width W1 is started; at time 
ti the measurement of the pulse width W2 started; 
and at time the measurement of the pulse width 
W 3 is started. Since the period P k of the input 

45 pulse varies, measured pulse width W k is obtained 
at irregular time intervals as depicted in Fig. 8, 
wherein each pulse width W k is indicated at the 
time point when the pulse started. 

The most striking feature of the present in - 

50 vention is that, for the frequency analysis of flue - 
tuations (or jitters) of the pulse width -W k and the 
period P k , period data P sk and pulse width data 
W sk , which can be regarded as having been mea- 
sured at regular time intervals of, say, 1 mS, are 

55 computed from the measured period data P k and 
the measured pulse width data W k in the inter- 
polation part 26. A description will be given in 
conjunction with the case where pulse data, which 
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can be regarded as having been obtained by 
measuring pulse widths at sampling points So, Si, 
S 2 , ... at regular time intervals starting at time 0 as 
shown in Fig. 8, are obtained through use of a 
linear interpolation method, for instance. The co- 
ordinates (tk-i, W k ) of the pulse width data W k at 
eight measuring time points can be represented by 
(0, WO, (ti, W 2 ), (ts, W 3 ), (ta, Wa), .... (t 7 , W 8 ), 
respectively. It is a matter of course that the pulse 
width at the sampling point So is Wi . The coordi - 
nates (Si , W st ) at the sampling point Si is ob- 
tained as described below. Assuming that a straight 
line 44 passing through three points (ti, W 2 ), (Si, 
W s1 ) and (t2, W 3 ) depicted in Fig. 9 is W = At + 
B, 

A = (W 2 - W 3 )/(ti - h) 
B = (tiW 3 - t 2 W 2 )/(ti - t 2 ) 

Substitution of A, B and Si into the expression of 
the straight line gives 

W s1 = Si(W 2 - W 3 )/(t, - t2) + (tiW 3 - t2W 2 )/- 
(ti - t 2 ) 

Thus, the pulse width W s1 at the sampling point Si 
is obtained. Similarly, the pulse widths W^, W^, 
W s4 , ... are obtained. 

The pieces of pulse width data W sk (indicated 
by crosses in Fig. 8) thus obtained at regular time 
intervals are subjected to the fast Fourier transform 
in the FFT part 27. The resulting frequency spec - 
trum is displayed on the display 29 as shown in 
Fig. 10, for instance. The frequency components of 
the fluctuation (i.e. jitter) of pulse widths W k can be 
known from such a display. In this case, the values 
of the all pulse widths W k or the mean value 
thereof can also be displayed at the same time. To 
increase the precision of the pieces of pulse width 
data W sk which can be regarded as having been 
obtained at regular time intervals, the Lagrange's 
interpolation formula and some other interpolation 
methods can be used in place of the linear inter- 
polation method. 

As regards the measured period data P k , too, 
pieces of period data P S k which can be regarded as 
having been obtained at regular time intervals are 
computed and they are subjected to the fast 
Fourier transform. By this, the frequency compo- 
nents of the pulse repetition period jitter can be 
detected and, further, the percentage of the jitter 
with respect to the period can also be obtained. In 
this instance, since the pulse width W k need not be 
measured, it is evident that the input pulse to the 
terminal 11 is provided directly to the successive 
period measuring circuit 14 and that the measuring 
signal generator 12, the time interval measuring 
circuit 15, the buffer memory 17 and the fraction 



adding part 21 can be omitted. 

Next, a description will be given of functions 
with which the Fig. 2 embodiment is further 
equipped. It is also possible to display the dis- 
5 tribution of occurrence of the pulse width W k as 
depicted in Fig. 1 1 wherein the abscissa represents 
the pulse width W k and the ordinate the number of 
individual pulse widths obtained (i.e. the frequency 
of occurrence). Alternatively, time variations of the 
10 pulse width W k as shown in Fig. 12 wherein the 
abscissa represents the elapsed time t k and the 
ordinate the pulse width W k . 

Since the duty ratio is pulse width/period x 
100(%), it is possible to obtain and display, in real 
75 time, values obtained by computing VWPi at time 
0, W 2 /P 2 at time ti , W 3 /P 3 at time k, ... W k /P k at 
time t k and multiplying them by 100. In the case 
where the skip signal is generated as depicted in 
Fig. 6, the period data P k is divided by a (where a 
20 is the number of skip + 1 ) and the divided value is 
used for the calculation of the duty ratio. 

The time difference or time interval between 
specified edges of two signals A and B of the same 
rate is measured as described below. For example, 
25 in the case of measuring the time interval between 
positive edges of the signals as shown in Fig. 3, 
the switches S1 and S2 are both connected to the 
contacts b and the switches S3 and S4 are con - 
nected to the contact a and the contact c, respec- 
30 tively, in Fig. 4. Consequently, as shown in Fig. 13, 
the D flip-flop 36 is triggered by the rise of the 
input pulse A and its output D goes high, whereas 
the D flip-flop 38 is triggered by the rise of the 
next input pulse B and its output E goes high. The 
35 time difference Ti between the rises of the D flip - 
flops 36 and 38 is measured by the time interval 
measuring circuit 15, from which the measured 
data is obtained, and then the D flip-flops 36 and 
38 are reset by the write pulse G. Upon the rise of 
40 the next input pulse A, the same operation as 
mentioned above is repeated, the period Pi is 
measured by the successive period measuring 
circuit 14 and the write pulse F for the measured 
data, but when the time difference T k between the 
45 input pulses A and b is smaller than (P k - t M ) and 
larger than the cascade - operation time (5 nS, for 
instance) of the D flip-flops 36 and 38, the write 
pulse G is followed by the rise of the next input 
pulse A, and hence the time difference T k can be 
so measured as shown in Fig. 13. 

In the case where the time difference T k is 
smaller than 5 nS or larger than or equal to (Pi - 
t M ), however, the next rise of the input pulse A 
occurs prior to the generation of the write pulse G 
55 for the measured data of the time difference Ti as 
shown in Fig. 14. At this time the skip signal H is 
generated. In this instance, when T k £ 5 nS, pieces 
of data Ti, T 2 , ... obtained are used intact as 
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measured data, whereas when T k ^ 5 nS, pieces of 
data Ti - (Pi/2), T 2 - (P2/2), ... are used as 
measured data. Either one of these measurands is 
used, for example, depending on whether T1 is 
larger or smaller than Pi/2. In the afore - mentioned 
pulse width measurement the lower limit of the 
measurable pulse width is described to be 5 nS, 
but the pulse width can also be measured to the 
infinitesimal by adopting the same processing as 
that used for the time interval measurement. 

The phase difference between the input pulses 
a and B can also be measured in the same manner 
as that for the time interval measurement. That is, 
when 5 nS < T k < P k - T M , the time difference T k 
is multiplied by 360/P k ; when T k ^ 5 nS, an opera- 
tion 360 x {T k - (P k /2)}/(P k /2) is conducted for the 
time difference T k ; and when T k ^ P k - tM. an 
operation 360 x T k /(P k /2) is conducted. 

Furthermore, a time window can easily be 
provided by software processing. For instance, in 
the case where pieces of data W1 , W 2 , W 3 , ... are 
obtained at times 0, ti , h, .... it is possible to select 
the pieces of data, for example W 2 , W*, within a 
predetermined range of variations of a desired 
pulse width under program control of the controller 
31 and detect the time points of their occurrence 
ti, t3, .... Hence, jitters can be analyzed only for 
these pieces of pulse width data. 

As for the above - described measured period 
data, duty ratio, time interval and phase as well, 
such displays as depicted in Figs. 11 and 12 can 
be provided. The calculation part 18 is formed by 
dedicated computing equipment such as a digital 
signalling processor (DSP), or dedicated micro- 
computer. Alternatively, the microcomputer of the 
controller 31 may be used also to perform the 
function of the calculation part 18. 

Incidentally, the analysis of the frequency 
components of a jitter has the following signifi - 
cance, for example, in connection with a repro- 
duced signal from a compact disk player. The 
reproduced signal contains a medium jitter which is 
caused by nonuniformity or dropout of pits of the 
disk, a mechanical jitter which is wow and flutter or 
other mechanical vibration which is caused by a 
motor for driving the disk, and an electrical jitter 
which is generally known as a trigger error of a 
waveform shaping circuit. The electrical jitter de- 
pends on the ratio between the input signal slew 
rate and the input noise level, and its noise in - 
eludes a conducting noise from a power supply or 
earth and an emitted noise propagating in space, in 
addition to a thermal noise. The reproduced signal 
is a coded digital signal and is decoded. The 
decoding circuit therefor can be regarded equiv- 
alents as a retiming circuit, and the condition on 
which no error is induced is that each edge of the 
reproduced signal does not have a jitter longer than 



±1/2 clock period. 

Conventional error measuring equipment, 
which measures the number of errors or error rate, 
is of the type wherein no measuring object appears 

5 unless the jitter is larger than ±1/2 clock period as 
mentioned above and when the jitter is smaller 
than it, an indication "error -free" is provided. Ac- 
cordingly, when used as a jitter analyzer, such 
error measuring equipment is very inaccurate, and 

10 hence is impracticable. Moreover, some jitters are 
attributable to the property of the disk (i.e. the 
medium) as mentioned above, there is a case 
where even if the disk player is error -free for a 
specified disk (called a standard disk), an error is 

75 induced when playing back a disk of a poor prop- 
erty. It is necessary, therefore, to carefully measure 
and analyze the state of the player in which the 
error is induced, that is, its error -free state. 

There have already been placed on the market 

20 a jitter counter for measuring the total amount of 
jitter and a jitter measuring apparatus for analyzing 
the aforementioned occurrence distribution and 
temporal changes of jitters. In the case where the 
jitter is brought about by various causes as usual, it 

25 is considered that the analysis of the frequency 
component of the jitter is indispensable. 

To reduce the total amount of jitter when it is 
caused by a plurality of causative factors, it is an 
inviolable rule to remove the factors, starting with 

30 the most influential one. To determine which factor 
is most contributing to the jitter, there is no method 
but to ascertain the individual factors by the ana- 
lysis of the frequency component of the jitter and 
compare them. The present invention permits such 

35 an analysis of the frequency component of the 
jitter. 

As described above, according to the present 
invention, pulse widths and periods of input pulses 
are measured in succession, the measured period 

40 data is used to compute the time at which each 
pulse width was obtained, pieces of pulse width 
data which can be regarded to have been obtained 
at regular time intervals are calculated, and then 
the pieces of pulse width data are subjected to a 

45 fast Fourier transform. Thus, the present invention 
permits the analysis of the frequency components 
of the pulse width jitter and its pulse width as well 
with a relatively simple construction which does not 
involve two separate independent systems such as 

50 a pulse width measuring system and a measuring 
system for the fast Fourier transform. 

It will be apparent that many modifications and 
variations may be effected without departing from 
the scope of the novel concepts of the present 

55 invention. 
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Claims 

1. A jitter analyzer comprising: 

successive period measuring means sup- 
plied with the one edge of each of a sequence 
of input pulses, for measuring their periods 
one after another; 

time interval measuring means supplied 
with said one and the other edges of said 
sequence of input pulses, for measuring the 
time interval between said one edge and said 
other edge; 

memory means for storing measured pe- 
riod data and measured time interval data each 
time they are provided from said successive 
period measuring means and said time interval 
measuring means; 

means whereby time interval data as- 
sumed to have been obtained at predeter- 
mined time intervals are computed, by an in - 
terpolation method, from elapsed times defined 
by said measured period data stored in said 
memory means and said measured time in- 
terval data; and 

means for conducting a fast Fourier 
transform of said computed time interval data. 

2. The jitter analyzer of claim 1 which further 
includes a first D flip-flop which is triggered 
by said one edge of said sequence of input 
pulses, and a second D flip-flop which is 
supplied at its data terminal with the output of 
said first D flip-flop and is triggered by the 
other edges of said sequence of input pulses; 

wherein an output variation of said first D 
flip-flop is provided as said one edge to said 
successive period measuring means and said 
output variation of said first D flip-flop and an 
output variation of said second D flip-flop are 
provided to said one edge and said other edge 
to said time interval measuring means; and 

wherein said time interval measuring 
means generates a reset signal for resetting 
said first and second D flip-flops each time 
said measured time interval data is written into 
said memory means. 

3. The jitter analyzer of claim 2 further including 
means which detects the input of the next one 
of said input pulses prior to the resetting of 
said first and second D flip-flops after the 
measurement of said time intervals conducted 
for an arbitrary one of said sequence of input 
pulses and generates a signal indicating that 
said measured period data covers the periods 
of said one input pulse and said next input 
pulse. 



4. The jitter analyzer of claim 1, 2, or 3 further 
including means which accumulates said 
measured period data in succession and out- 
puts each accumulated value as said elapsed 

5 time. 

5. The jitter analyzer of claim 1, 2, or 3 further 
including frequency dividing means for fre- 
quency dividing each of said input pulses 

io down to l/n, n being an integer, and outputting 

a frequency - divided pulse, and select means 
for selecting either one of said input pulse and 
said frequency - divided pulse and outputting it 
as said sequence of input pulses. 

75 

6. A jitter analyzer comprising: 

successive period measuring means sup - 
plied with a sequence of pulses, for measuring 
their periods in succession; 

20 means whereby period data, which is as - 

sumed to have been obtained at predeter- 
mined time intervals, are computed, by an 
interpolation method, from said measured pe - 
riod data and elapsed times defined thereby; 

25 and 

means for conducting a fast Fourier 
transform of said computed period data. 
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